The rupestrian grassland ecosystems provide various goods and services to society and support a significant amount of biological diversity. Notably the rich plant diversity has high levels of endemism and a variety of uses among the local communities and general society. Despite the socio-ecological importance of these ecosystems, they are subjected to significant anthropogenic pressures. The goal of this study is to perform economic valuation of the plant diversity storage service provided by rupestrian grassland ecosystems to provide grounds for the development of conservation policies and encourage sustainable practices in these ecosystems. Given the intense human disturbances and unique flora, the Serra do Cipó (southern portion of the Espinhaço Range in southeast Brazil) was selected for the study. We estimate the monetary value related to the plant diversity storage service provided by the study area using the maintenance costs of native plants in the living collections of the botanical garden managed by the Zoobotanical Foundation -Belo Horizonte (located 97 km from Serra do Cipó). The plant diversity storage value provided by Serra do Cipó ecosystems is significant, reaching US$25.26 million year -1 . This study contributes to the development of perspectives related to the conservation of rupestrian grassland ecosystems as well as others threatened tropical ecosystems with high biodiversity Keywords: biodiversity, conservation, economic valuation, valuation methods.
Introduction
Changes in biological diversity negatively impact ecosystem processes (Chapin et al., 2000; Loreau et al., 2002) , and the benefits and services provided by natural ecosystems are diminished by environmental degradation. Ecosystems benefit society in numerous ways, including by providing i) provisioning services, such as those related to food, water, wood, and fiber; ii) regulatory services, such as the regulation of flooding, disease, climate, and air and water quality; iii) cultural services, such as recreation, aesthetic pleasure, and spiritual satis-faction; and iv) support services, such as soil formation, photosynthesis, and nutrient cycling (MA, 2003) . Although these services are extremely important to human welfare, they remain undervalued by society (Daily, 1997) . Approximately 60% of these ecosystem services provided by biosphere have been degraded over the last 50 years, and human impacts are considered to be the main cause of this decline (MA, 2005) .
Valuation of ecosystem services may help to address the current biodiversity crisis. Various methods have been developed to measure the economic contributions of natural ecosystems (Daily, 1997; CBD, 2007) , allowing monetary values to be addressed to these ecosystem services (e.g., Balmford et al., 2002; Costanza et al., 1997) . Given the incredible diversity of species and the broad range of services provided by ecosystems, these concepts remain under-researched in many parts of the tropical world, where high levels of biodiversity (and the associated arrays of ecosystem services) are subjected to significant anthropogenic pressures.
Among the tropical biomes, the Brazilian savanna (Cerrado) is one of the most threatened. Despite the high biodiversity levels (there are more than 11,600 species taking into account only the native plants) (Mendonça et al., 2008) , the Cerrado has been transformed at a rapid pace (Klink et al., 2008) . More than half of the Cerrado's area has been lost in only four decades (Sano et al., 2001; Klink and Machado, 2005) . Whereas Cerrado areas located on relatively flat terrain have been devastated (primarily by livestock and agricultural intensification), patches of Cerrado on rocky outcroppings and mountains have been impacted at lower rates.
Rupestrian grasslands ecosystems occur at high altitudes (generally above 900 metres above sea level) and are found on areas characterised by shallow soils with high acidity and low nutritional levels and are primarily associated to the Cerrado located in the Espinhaço Range, eastern Brazil (Giulietti et al., 1997; Benites et al., 2007) . The plant community in the rupestrian grasslands is mainly composed of an herbaceous stratum with small shrubs and subshrubs which supports high biodiversity and endemism levels (Giulietti et al., 1997) . The most common plant families in rupestrian grasslands include Cyperaceae, Poaceae, Asteraceae, Eriocaulaceace, Velloziaceae, and Melastomataceae (Giulietti et al., 1987) . More than 30% of the species found in these rupestrian grasslands are endemic, while some taxa display a rate of endemism that exceeds 80% (Giulietti et al., 1987 (Giulietti et al., , 1997 . During sampling of a ca. 200 km 2 corridor composed mostly of rupestrian grasslands in Serra do Cipó, about 1,600 plant species were reported (Giulietti et al., 1987) .
The flora of Serra do Cipó has a variety of uses among the rural communities close to the area and also for society in general. Reports of the use of these plants date back to the early colonisers. The plants found in the region are used as a source of natural fibres (e.g., Guadua sp. and Attalea oleifera), food (e.g., Caryocar brasiliensis, Acrocomia aculeata), resins and oils, and for ornamental purposes (ICMBio, 2009) . Ranieri et al. (2003) reported the potential use of the genus Lavoisiera (Melastomataceae) as an ornamental species, and dozens of other species are currently being propagated to meet consumer demand, whereas Brandão et al. (1996) listed 134 medicinal plant species in the rupestrian grasslands of Serra do Cipó (Ventura et al., 2007) . Therefore, despite not having been the focus of any previous valuation study, the rupestrian grasslands provide a valuable service of storing rich plant diversity, a source of several benefits to local communities and society in general.
The value of ecosystem services can be estimated by assessing the cost to replicate a particular service under artificial conditions. Considering the maintenance of plant species, the use of live plant collections from botanical gardens stands out as a well-established global practice and is useful for ex situ plant maintenance (e.g., Mistretta et al., 1991; Stevens 2007) ; there are over 6 million live plants in 2,500 botanical gardens worldwide (Golding et al., 2010) . The objective of this study is to perform the economic valuation of the plant diversity storage service provided by rupestrian grasslands ecosystems. Given its diverse and unique flora, Serra do Cipó was selected as the study area for this research. Hence, we estimate the monetary value related to the plant diversity storage service provided by the study area using the maintenance costs of native plants in the living collections of the botanical garden managed by the Zoobotanical Foundation -Belo Horizonte (located 97 km from the Serra do Cipó). We expect that determining the relative value of the plant diversity storage service will encourage conservation and sustainable practices in Serra do Cipó and serve as a model for other ecosystems in need of conservation in the tropics.
Methods

Study area
Serra do Cipó is located in the central region of Minas Gerais state, southeast Brazil, in the southern portion of the Espinhaço Range. The Espinhaço Range is a predominantly quartzitic range of mountains that is approximately 1,100 km in length and extends from the city of Ouro Branco in Minas Gerais state to the northern boundary of Bahia state. Serra do Cipó divides the São Francisco river basin to the west and the Rio Doce river basin to the east. Following the Köppen (1931) classification, the predominant climate is Cwb type at a tropical altitude with a pronounced dry season and wet summers. The annual average rainfall ranges from 1,300 to 1,600 mm and is concentrated between November and January (Madeira and Fernandes, 1999) .
The vegetation of Serra do Cipó is primarily influenced by components from two major Brazilian biomes: Atlantic rain forest (on the east side) and Cerrado (on the west side). The Cerrado is represented primarily by rupestrian grasslands, which cover more than half of Serra do Cipó's area and support most part of the plant di-versity described to the whole region (Madeira et al., 2008) . Other formations are also found in Serra do Cipó, such as Cerrado sensu stricto, gallery forests, and seasonally dry tropical forests on limestone outcrops (Giulietti et al., 1987; Coelho et al., 2012) . Serra do Cipó ecosystems support a highly complex vegetation matrix that sustains high biodiversity and endemism levels. Although the high levels of biodiversity in Serra do Cipó have been described in many studies, the underlying conditions that produce such diversity have yet to be determined, as the soil matrix, topography, and climate may all play a role (Carvalho et al., 2012; Giulietti et al., 1987) .
Economic valuation
To estimate the value of the plant diversity storage at Serra do Cipó, we calculated the maintenance cost of native plants in the living collections of the botanical garden managed by the Zoobotanical Foundation -Belo Horizonte (BG-ZBF). The BG-ZBF is located ca. 100 km of Serra do Cipó, in the city of Belo Horizonte, and is nationally recognised for its contributions related to the cultivation of native plant species and their conservation. The BG-ZBF is a reference centre for botanists and maintains a large collection of flora endemic to the state of Minas Gerais, including significant living plant collections. The stock of living collections is comprised of approximately 3,300 specimens, including plants from rupestrian grasslands, succulents, Araceaes, and bromeliads, among other species. The BG-ZBF's collection of plants from rupestrian grasslands consists of various taxonomic groups, such as Xyris, Cipocereus, Rhynchospora, Vellozia, Dyckia, Laelia, Lavoisieira, Coccoloba, Lychnophora (Da Costa, 2004) . The BG-ZBF was considered to offer an adequate and conservative source of data for this study due the practical knowledge of BG-ZBF in the maintenance of plants from rupestrian grasslands, and its proximity from Serra do Cipó. If a different botanical garden or institution were chosen the costs to maintain the plant species would have been much higher due to the increased distance, and lack of know-how to maintain the collection, which would ultimately lead to increased value of the ecosystem service evaluated.
For cost estimation, we conducted several technical visits to the BG-ZBF in 2010. Information was obtained from the Coordination Section of Applied Botany and other members of the technical team at the BG-ZBF. We also consulted documents used by managers, including a survey of the property under the stewardship of the BG-ZBF and the supplies requested by the BG-ZBF for 2010. Primarily we calculated the costs in Brazilian currency (Real -R$) and then we converted into 2010 US$ using the exchange rate of 1US$ = R$1,75. We only evaluated activities strictly linked to the living collections; therefore, the specific costs of other activities (e.g., maintenance of the herbarium and other collections) were not taken into account.
We identified the main costs associated with the maintenance of the living collections to determine the annual maintenance cost of one specimen in the nursery. To this end, we analysed a wide range of variables, including expenses related to i) specimen acquisition in the field (e.g., fuel expenses and costs/day); ii) the physical structure used for packaging plants; iii) area associated with technical/administrative activities and nurseries for living collections, iv) acquisition of permanent material (e.g., furniture and electronic equipment); v) acquisition of supplies (e.g., fertilisers, pesticides, and garden tools); vi) human resources (e.g., biologists, technicians and gardeners); vii) electricity, communication and water consumption (see Appendices 1-7 for the evaluation parameters and additional information regarding how the calculations were performed for different categoriesAppendices are available only in the electronic version).
In this study, we also considered the opportunity cost of the values related to the maintenance of the living collections using the 2010 annual mean value (9.93%) of the basic interest rate -the SELIC rate -decided by the Brazilian Central Bank.
After calculating the maintenance costs for one plant specimen in the living collections, we inventoried the plant species richness from Serra do Cipó based on an extensive literature review (analysis of 544 scientific papers published between 1831 and 2005) carried out by Madeira et al. (2008) . We separated the total species richness into the following four categories: i) plants endemic to Serra do Cipó, ii) plants endemic to the Espinhaço Range, iii) plants identified as threatened in Minas Gerais, and iii) plants not endemic to the Espinhaço Range and not threatened. Among the 2,157 plant species found in the study region, 72 are endemic to Serra do Cipó; 86 are endemic to Espinhaço Range; 113 are listed as threatened in Minas Gerais state; and the remaining 1,958 are widely distributed and are not threatened (Madeira et al., 2008) . The calculations were performed considering the different taxonomic groups found in Serra do Cipó. Appendix 8 presents the species composition organised by taxonomic group (Appendices are available only in the electronic version).
We estimated the maintenance value for all species considering the minimum number of individuals necessary to maintain genetic variability in an isolated population without significant manipulation according to the definition of the minimum viable population theory (DeSalle and Amato, 2004) . This theory suggests that a population requires at least 50 individuals (short-term maintenance) and preferably 500 (long-term maintenance) to support the conservation of genetic diversity (e.g., Franklin, 1980; Gandara and Kageyama, 1998) . For species with a greater conservation value due to their conservation status and/or biogeographical characteristics (i.e., restricted range or threatened species), an upper estimate of 500 individuals was used for subsequent calculations. For native species that are not threatened and exhibit wide distribution, only 50 individuals were considered in the calculations. The population size consid-ered in this study is much smaller than the size of populations found in Serra do Cipó, as discussed below.
There are not sufficient available data to calculate the precise area occupied by the species in our study. A great deal of the biodiversity inventory has been conducted in areas adjacent to Serra do Cipó National Park, but much of the protected area has not been adequately sampled (Madeira et al., 2008) . Nevertheless, to establish a monetary value per area unit (US$ ha -1 ) for the plant diversity storage service, we assumed that all of the plant species from Serra do Cipó occur within the conservation unit boundaries. Serra do Cipó National Park covers an expansive area (31,618 hectares) and supports many habitats and environment types.
Results
Acquisition and maintenance costs
The acquisition and maintenance costs related to a plant specimen from Serra do Cipó under ex situ conditions were approximately US$109.95, including US$33.92 for specimen acquisition (assuming collection was carried out in the study area) and US$76.02 for the annual maintenance of a specimen in the collection. The largest maintenance costs are associated with human resources (US$58.80 specimen -1 year -1 ), as well as the physical structure and area required (US$11.15 specimen -1 year -1 ) ( Table 1 ). The sum of these two categories represents over 90% of the maintenance expenses. Other activities, including permanent material, water consumption and communication expenses, presented relatively low values.
Plant diversity storage value
The annual storage value related to one plant species with the greatest conservation value (endemic and/or threatened species) was US$54,974.03 (Table 2 ). This value was significantly higher than the storage value of one non endemic and/or not threatened species (US$5,497.40).
Dicotyledoneae (1,465 species) and Monocotiledoneae (609 species) presented the greatest numbers of species in Serra do Cipó (Appendix 8) and exhibited higher storage service, with a value of US$15,376 million attributed to the collective storage of the first group and US$9,334 million attributed to the second (Table 3) . When combined, the values of these two groups accounted for 97% of the annual plant diversity storage value provided by Serra do Cipó ecosystems.
Plants that were not restricted to Serra do Cipó and not under the threat of extinction presented a higher collective storage value (US$10,368 million) than other groups (Table 3 ). The remaining categories of plants are listed in descending order according to their storage service value: plants threatened in Minas Gerais (US$6,212 million), plants endemic to the Espinhaço Range (US$4,727 million), and plants endemic to Serra do Cipó (US$3,958 million).
Thus, the plant diversity storage value provided by Serra do Cipó ecosystems is significant, with a value of US$25.26 million year -1 (Table 3) . Considering the estimated area of species occurrence, the average value of the plant diversity storage service of Serra do Cipó is US$799.11 ha -1 year -1 . The total value attributed to the plant diversity storage service of Serra do Cipó is primarily associated with rupestrian grasslands. The greatest number of plants was found to be associated with rupestrian grasslands (84.1%), with the remaining species originating from other Cerrado physiognomies (3.4%) and Atlantic Rain Forest (12.5%) (Madeira et al., 2008) .
Discussion
Valuation of ecosystem services is a strategic approach to biodiversity conservation and provides important data that allows decision making to be more consistent with conservation efforts (Daily et al., 2000; Costanza, 2006; Andrade et al., 2012) . In the present study, we estimated the economic value related to the plant diversity storage service provided by Serra do Cipó ecosystems. Biodiversity plays an important role in the functioning of ecosystem (Naeem et al., 1999) and in the provisioning of several ecosystem services. Some of the ecosystem services intrinsically linked with the biodiver- (UNEP, 2007) . In this way the biodiversity storage service underpins a myriad of other ecosystem services essential for the human welfare. Unfortunately, we have witnessed a large reduction of ecosystem services in Serra do Cipó (as well in other regions in the Espinhaço Range region), which has been caused by distinct anthropogenic pressures. In Serra do Cipó, fires are used to clear land for livestock grazing; timber is harvested for use as firewood; ornamental plants are collected; and urban expansion, highway construction, and the presence of invasive species all negatively impact the landscape (Viana et al., 2005; Madeira et al., 2008; ICMBio 2009; Barbosa et al., 2010) . Now, the new mining frontier in the municipalities northern of Serra do Cipó may cause even further impacts. The anthropogenic pressures have intensified due to the proximity of Serra do Cipó to Belo Horizonte, which is the capital of Minas Gerais state and one of Brazil's largest cities. This study suggests that for every degraded hectare, an equivalent of US$799.11 year -1 is lost by society, and this figure only considers the plant diversity storage service. Hence, other services provided by the ecosystems of Serra do Cipó, including carbon sequestration, water purification, and pollination, are omitted from this figure. Therefore, other impacts, such as road construction, mining, urban expansion, and certain forms of tourism, may incur huge losses that ought to be taken into account.
We are not aware of other research that has analysed the service value of biodiversity storage in the Brazilian context. Indeed, very few studies have assessed this service provided by natural ecosystems anywhere in the world. Although the service values are dependent on time and location (De Groot et al., 2012) , Higgins et al. (1997) reported similar values for the plant diversity storage service provided by South African fynbos ecosystems. In current values (Consumer Price Index), the annual storage value of one native species calculated by ranged from US$74.72 to US$7,472.32. Using another approach, the aforementioned authors found a value for the storage service related to one endemic species ranging between US$37,225.76 and US$372,257.60 . Some variation in the values reported by different economic valuation studies is common in the literature and can be attributed to several reasons, including distinct ecological and socio-economic characteristics between the locations and countries and different approaches and methodology utilized in the studies (De Groot et al., 2012) .
The highest values found in the present study for storage service of one endemic and/or threatened species (US$54,974.03) reflect the higher valuation of species with the greatest importance for conservation objectives assumed in our approach. This approach assumes that ecosystems that support endemic and threatened species Economic valuation of plant diversity storage service ) may be considered high, we argue that it is lower than the actual value of the storage services offered by Serra do Cipó. The plant population size used in the calculations (for a minimum viable population, i.e., 50 to 500 individuals/species -see Methods) is less than the size of the natural populations found in the study area. If all of the plant individuals present in Serra do Cipó were included in our calculations, the projected figures would be much higher. For example, in an area of only 1,440 m 2 (equivalent to 0.14 hectares), Pereira (1994) reported finding 7,049 individuals (equivalent to~50,000 individuals ha -1 ) when surveying the composition of the flora in Serra do Cipó's rupestrian grasslands. This density is substantially greater than that used in our study, of approximately seven individuals per hectare. Furthermore, the region most likely supports a significant number of plant species that have yet to be discovered. The vegetation of Serra do Cipó has been studied since the first half of the nineteenth century; however, expeditions often find species unknown to science. Zappi et al. (2002) estimated that between 1997 and 2002, a quarter of the new taxonomic descriptions made in Brazil came from rupestrian grasslands.
In the present study, only one biodiversity dimension was analysed for Serra do Cipó, i.e., plant diversity. If other groups of organisms were to be considered, including bacteria and fungi, the storage value of biodiversity would be extraordinary. For instance, on only two plant species (Bacharis dracunculifolia and Cocoloba cereifera), a total of 52 and 104 morphospecies of endophytic fungi were recorded, respectively (Oki et al., 2008; Fernandes et al., 2011) . Moreover, recent studies have shown that Serra do Cipó ecosystems are also relevant in terms of soil microorganisms. Carvalho et al. (2012) identified forty-nine arbuscular mycorrhizal fungi species in the rupestrian grasslands from Serra do Cipó (41% of described species in Brazilian ecosystems and 23% of known species in the world), suggesting that the area is a hotspot for glomeromycetes.
In addition to the services already mentioned in this report (e.g., supplying fibre and food as well as ornamental and genetic resources), the ecosystems of Serra do Cipó provide other important benefits to society. The numerous headwaters located in Serra do Cipó feed into many rivers of importance in the state, such as the Santo Antônio River (Rio Doce river basin) and the Velhas River (São Francisco river basin). The Cipó River, which is the most significant water resource of Serra do Cipó, provides pure water to numerous local (human) communities. The Cipó River also acts as a biodiversity reserve for the basin of the Velhas River (ICMBio, 2009), which is severely impacted by the waste generated from the metropolitan region of Belo Horizonte. Serra do Cipó also stands out as an important natural tourist attraction (Campos et al., 2011) . The demand for areas where extreme sports, camping, and adventure tourism can be conducted has attracted large numbers of domestic and foreign tourists to the region, being recreation another significant service that this region provides. Thus, the rupestrian field ecosystems provide many other benefits to society beyond the plant diversity storage calculated in this study.
The plant diversity storage service provided by Serra do Cipó ecosystem reaches a value of US$25.26 million year -1 , and this figure could be substantially higher given that the value of other ecosystem services has yet to be investigated. We expect that our study will contribute to the development of new approaches and perspectives related to the conservation of threatened ecosystems in tropics.
Appendices
Appendix 1 -Cost associated with acquisition of one native plant specimen in Serra do Cipó related to 2010. Madeira et al. (2008) .
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